Inheritance of acid-soil tolerance (generally considered AI-toxicity tol~rance) i.n sorghum [Sorghum bicolor (L.) Moench] is not clear. Forty FI sorghum hybrids and the\r 14 parents were grown two seasons in the field at relatively high (67 and 71%) and low (43 and 42%) Al saturations on an aCid
Introduction
Extensive genetic variability has been reported for tolerance to acid-soil stress conditions (considered to be primarily Al toxicity) and other mineral toxicities/deficiencies associated with sorghum [Sorghum bicolor (L.) Moench] grown on acid soils (Bastos, 1982; Boye-Goni and Marcarian, 1985; Duncan 1981 Duncan , 1983 Duncan et al., 1983a, b; Flores and Gourley, 1987; Flores et al., 1986; Furlani and Clark, 1981; Furlani et al., 1983; . However, relatively little information is available on the inheritance of Al tolerance in sorghum. Genetic information is needed for plant breeders to effectively improve sorghum germplasm for adaptation to acid soils. Several inheritance studies on sorghum tolerance to Al have been conducted in nutrient solutions (Bastos, 1982; Boye-Goni and Marcarian, 1985; Furlani and Bastos, 1986; Furlani et aI., 1983) . However, results from plants grown in nutrient solutions must be validated in field experiments since most acid soils are deficient in various nutrients as well as having toxic levels of elements like Al and Mn (Sanchez and -Salinas, 1981) .
Plant responses to toxic levels of Al are genetically controlled (Devine, 1982; Duvick et al., 1981; Rhue, 1979) . Aluminum tolerance in wheat (Triticum aestivurfl L.) and barley (Hor-.deum vulgare L.) grown in nutrient solutions was controlled by one or more dominant genes (Reid, 1969; Rhue, 1979) . Aluminum tolerance in maize (Zea mays L.) was reported to be controlled by dominant genes with multiple alleles (Rhue, 1979) . Additive gene effects contri-buted most to the genetic variation of maize grown· in nutrient solutions (Magnavaca et al., 1987) . In this latter study, dominance effects accounted for only half as much variation as did additive effects. Pitta et al. (1979) suggested that a small number of genes with dominant effects controlled acid-soil tolerance in sorghum. This concept was based on the evaluation of hybrid progenies and their parents grown on an acid soil in the field. Aluminum tolerance in sorghum hybrids grown in nutrient solution expressed dominance, and no maternal or cytoplasmic effects were detected (Fulani et al., 1983) . Recent studies on Pi' F2, and F 3 populations from crosses involving Al tolerant (SC283) and Al sensitive (TX41S) sorghum parents grown in nutrient solution indicated that Al tolerance was dominant and controlled by a single gene pair (Furlani and Bastos, 1986) . These authors also found that minor genes and genetic modifiers interacted with the major gene pair in the expression of Al tolerance. Bastos(1982) evaluated F2 and F3 sorghum populations from AI-tolerant x AI-tolerant and AI-tolerant x AI-sensitive crosses, and concluded that the inheritance of Al tolerance in sorghum was complex and that three or more genes were involved. Furlani (1981) reported that inheritance of aluminum tolerance in sorghum was complex, and the type of genetic mechanism controlling Al tolerance depended on the germplasm used. Variation in Al tolerance of sorghum hybrids from different crosses involving AI-tolerant and AI-sensitive parents has also been noted (Borgnovi et al., 1987) . Similar observations of acid-soil tolerance were noted for field-grown sorghum .
The objectives of this study were to determine inheritance of acid-soil tolerance in sorghum, and to evaluate the effects of acid !!oil on several hybrids and their parents.
Materials an4 methods
Ten restorer lines and four male sterile lines (Table 1) The chemical properties of the soil are given in Table 2 . Nitrogen was applied in a band 30 days after planting at 100 kg N ha -1 as urea. Weeds were controlled with atrazine (2-chloro-4-ethylamine-6-isopropylamine-s-triazine) at 1.0 kg a.i. ha-1 • Hand hoeing was used as needed to control additional weeds during the study.
The sorghum lines were grown in a randomized complete block design with three replications. Parents were randomized separately from hybrids to avoid possible competition effects r¢-suIting from differences in height of parents aqd hybrids. Plots consisted of 2 rows, 3 m long, with 0.60 m between rows. The experimental unit WaS two 2 m row segments with uniform plant density in each plot. Plots were over planted and thinned to 9 cm between plants (200,000 plants ha -l)~
The number of days to flowering (50% bloom) was determined for each entry during the growth Analyses 'Of variance and genetic analyses fQIIQwedtht!' procedures described by Ross at al. (1983) . Seasons> were analyzed individually, as were data frQm the high and low Al saturatiQn levels, since error variances were heter'Ogeneous.
Data from parents were not included in analyses uSed to estimate combining ability. As pointed out by Ross et al. (19~3) , statistical treatment'of fuced lines to draw inferences about hypothetical population$ tfiay not be entitply appropriate. Withqualifications,quantitativ~genetic il1forma-tihncan be drawn from such studies that may aid itt the improvement of acid-soil tolerance in sqrghum.
seasons. Yield increases of the AS-T x AS-T and AS-T x AS-S hybrids in . season B were lower than those noted in season A.
Hybrids from AS-T x AS-S. crosses grown at the high Al saturation levels of both seasons had similar acid-soil tolerance ratings as hybrids from AS-T x AS-T crosses (Tables 3 and 4) . Hybrids from AS-S x AS-S crosses grown at the high Al saturation levels were as sensitive to the acid soil as their parents in both seasons. No differences in acid-soil tolerance ratings were obtained when hybrids and parents were grown at the low Al saturation levels.
Number of roots for the AS-T x AS-T and AS-T x AS-S hybrids and AS-T parents were similar, and higher than those for the AS-S x AS-S hybrids and AS-S parents (Tables 3  and 4 ). Few thin roots devoid of fine branches were noted for the AS-S x AS-:-S hybrids and AS-S parents.
Number of roots for all types of hybrids and their parents were similar when plants were ) grown at the low Al saturation levels during both growing seasons (Tables 3 and 4) . However, the AS-S parents and AS-Sx AS-S hybrids had significantly lower number of roots than the AS-T parents and AS-T x AS-T hybrids, respectively, when grown at the high compared to the low Al saturation levels. Number of roots and acid-soil tolerance ratings Were positively correlated (r = 0.51). Reductions in root growth and number of roots are primary effects of acid .soil problems for sorghum grown on an Ultisol (Flores et af., 1988) .
Differences in days to flower were markedly different between AS-T . and AS-S parents (Tables 3 and 4 ), but no pattern was detected for differences in days to flower among the types of hybrids. This was probably because of interactions of different. maturity. genes in the parental lines. However, the flowering date of parents and hybrids appeared to be delayed when plants were grown at the high compared to the low levels of Al saturation. Pelay in flowepng and retardation of plant growth aI)d development are typical problems for AS-S sorghum . grown on acid soil (Flores et al., 1988) . . Plant height of the AS.;.S x AS~S hybrids was significantly shorter than that ,for the AS-T x AS-T and AS-T x AS-S hybrids grown at the high Al saturation level during both seasons (Tables 3 and 4 ). The ,differences in plant height among groups of hybrids were likely due to. Jhe interaction of genes controlling plant height in -' sorghum and due to the effect of the high ,AI " saturation level. Although statistical comparisons ''''' were not made, AS-S hybrids and parent$were }i·· generally shorter than· were AS-T hybrids and parents at the . high compared to the low AI saturation levels. Stunting is a common symptom of plant sensitivity to acid-soil stress conditions. Differences among male and female lines, an indicator of general combining ability (GCA), in the hybrid group were significant for aU traits at the high AI saturation level for both seasons (Table 5 ). The male x female interactions, an indicator of specific combining ability (SCA), were also significant for all agronomic componenttraits except grain. yield in season A. Parents were significantly different from hybrids fOr all traits except gnun yield in season A. At the high Al saturation levels in both seasons, variations due to GCA were generally larger thap, th~ due to SCA, implying major importance of additive gene effects for these traits.
When hybrids were grown at the low AI saturation levels, differences in GCA among males and. females were also significant for all agronomic component traits' except acid~soil tolerance ratings (Table 6 ). Male-female interactions were significant for all traits except grain yield, acid-soil tolerance ratings, and number of roots in season A and acid-soil tolerance ratings and plant height in season B. Parents differed significantly from hybrids for all traits except number of roots and acid-soil tolerance ratings in season B. Differences among hybrids and parents for acid-soil tolerance ratings at the low AI saturation levels were. not detected. Apparently the stress on plants' was not severe enough to show genetic differences among these genotypes.
, Agronomic trait data for each hybrid cross and ' ,their respective parents are shown in Tables  7-10 . Only season B.data have been given since j trends for both growing seasons were simiiar. Parents with high GCA or specific combinations of parents for grain yield and acid-soil tOlerance can be selected, and may be of immediate usefulness to soghum breeders using high AI saturation stress conditions. Grain yield, acid-soil toler- Hybrids AS-T x AS-T(18)a As-T x As-S (20)
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,,{ Table 9 . Grain yield, acid-soil tolerance, and number of roots of sorghum male and female parental lines and their F, hybrids grown at 43% AI saturation on acid Ultisol 
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' 1 1 ' 6 8 ance, and number of roots of AS-S parents were greatly improved in these environments when crossed with an AS-T parent.
